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Davis and Whipple first demonstrated the striking protective action of carbohydrate 
and protein against chloroform toxicity (5,  7) and subsequent reports have stressed 
particularly the beneficial  effects  of protein  (10).  During the last three  decades nu- 
merous compounds and groups of compounds have been studied and reported to be 
protective against this and other hepatotoxic drugs (8).  Studies have shown that the 
protein-sparing action of carbohydrate accounts for the protective action of this group 
of compounds. The active moieties in protein have been shown to be sulfur-containing 
amino acids (12). 
A previous report (13) from this laboratory demonstrated that methionine 
administered intravenously to protein-depleted dogs would protect them against 
a  fatal  dose of chloroform.  This  protective action  was observed even when 
methionine was given up to 3 to 4 hours following anesthesia. The experiments 
herein reported were designed  to study this phenomenon further by the use of 
a postulated methionine precursor, namely homocystine (9). The combination 
of homocystine and betaine administered orally prior to anesthesia by chloro- 
form has proven to be protective (1) with or without the concomitant use of 
vitamin BI~ or aureomycin. Choline  is known to be ineffective  as a protective 
agent (13) and because of its similarity to betaine it was decided to bypass the 
latter and concentrate on homocystine. The possible interrelationships of these 
compounds are as follows:-- 
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Homocystine, although never isolated as  such from metabolic systems, is at 
least  a  theoretical  intermediary  (homocystine ~-homocysteine)  in  the  in 
vivo formation of methionine.  Consequently experiments were  devised to  de- 
termine whether or not homocystine alone was protective under the  experimen- 
tal conditions. 
Methods 
In order that individual variations among dogs with respect to chloroform susceptibility 
might be excluded, (6) the same animal was used for the three phases of the experiments. 
These phases were as follows: phase I  ffi  homocystine 2 hours before chloroform; phase 
II -- homocystine 2 hours after chloroform; phase HI =- chloroform only. 
The animals used were all active, healthy,  adult dogs varying in weight from 8 to  I4 
kilos. The protein reserves of the animals were depleted over s  period of several weeks by 
diet and phlebotomy from an initial level of 6.7 to 7.6 gm. per cent to 4.0 to 5.0 gm. per 
cent, a levd which constitutes a rather severe depletion of general protein stores (13). The 
homocystine  1 used was prepared from methionine by sulfuric acid in accordance with  the 
method of Butz and Du Vigneaud (2). The purity of the compound was evaluated by two- 
dimensional paper  chromatography.  It is  to be remembered, however, that  the unstable 
snlfhydryl groups of homocysteine may well be oxidized on the chromatogram to give a 
singie spot  for homocystine. Consequently both snlfhydryl and disulfide forms may well 
have been present in the material used. 
The animals were maintained on a basal diet of sucrose (2600 gin.), bone ash (78 gin.), 
salt mixture  (78 gin.)  (15), Mazola oil (235 gm.), and melted hrd (490 gin.) to which no 
supplements were added. They were given an amount of this diet varying from 100 to 250 
gm. per day according to their body weight. On the day of anesthesia the animals were fasted, 
except for water.  On the day following anesthesia, they were allowed liberal amounts  of 
horse meat. 
Blood samples were obtained from the external jugular vein with sodium oxalate serving 
as an anticoagulant.  The icteric indices were determined  by comparison with potassium 
*  We wish to acknowledge the assistance of Dr. Garson H. Tishkoff who prepared  and 
assayed the homocystine used in these experiments. GEORGE P.  VENNART AND  ~'RANK W.  McKEE  199 
dichromate standards.  The fibrinogen was precipitated  by the method of Cullen and Van 
Slyke (4)  and analyzed by micro-Kjeldahl procedures on whole oxalated plasma without 
correcting for the non-protein nitrogen. 
Anesthesia was induced with ether  and then chloroform was given by the  open drop 
method, maintaining  light anesthesia for 30 minutes. All dogs recovered quite rapidly (4 to 
8 minutes) afterwards. 
TABLE I 
The Effect of Oral Homocystine  to A~ert Fatal Li~er Injury Due to Chloroform Inhalation 
in Protein-Depleted  Dogs 
Dog 2-16 
Time before  Plasma 
and after  CHCI,  proteins 
hrs.  [gra. per ~ent 
--24  4.5 
0  4.9 
+24 
+48 
+72 
--24 
0 
+24 
+48 
+72 
--24 
0 
+24 
5.0 
5.0 
5.0 
4.9 
4.9 
4.9 
4.7 
4.2 
4.8 
5.1 
4.8 
Fibrinogen 
~l. per cent 
170 
342 
487 
174 
447 
423 
232 
145 
265 
25 
Hematocrit 
reading 
per cmt 
31.3  0 
35.7  0 
37.9  0 
39.4  0 
32.0  0 
3 day interval 
35.3  0 
39.2  0 
37.2  0 
39.8  0 
40.0  0 
Icteric 
index 
11 day interval 
43.5  0 
39.8  0 
34.6  >4 
Remarks 
Animal alert 
2.0 gm. homocystine orally fob 
lowed  in  2  hrs.  by  30  vain. 
CHCIs 
Animal alert 
Animal alert; ate diet 
Animal alert; ate diet 
Animal alert 
30 min. CHCh followed in 2 hrs. 
by 2.0 gm. homocystine 
Animal alert 
Animal alert; ate diet 
Animal alert; ate diet 
Animal alert 
30  rain.  CHCIs anesthesia,  no 
homocystine. 
Animal  lethargic  and  anorexic. 
Died 30 hrs. after  CHCI~ with 
severe  central  liver  necrosis. 
During the experiments the animals were housed in a special room. Complete autopsies 
were performed on all dogs dying during these experiments and hematoxylin and eosin prep- 
arations were made of the liver, kidneys, lungs, and heart. 
EXPE]~NTAL OBSERVATIONS 
A total of five animals began these experiments. One died on the 31st day of 
depletion owing to cardiac arrest following  inadvertent  induction by chloroform. 
No  pathological  changes  were  demonstrable at  autopsy.  This  falls  in with TABLE  II 
The  E.ffect of Oral Homocystine to Avert  Fatal  Liver  Injury Due  to  Chloroform Inhalation 
in Protein-Depleted Dogs 
Dog 9-5 
Time before 
and after 
CHCIs 
--24 
0 
+24 
+48 
+72 
--24 
0 
+24 
+48 
+72 
0 
+24 
+48 
Plasma  Fi" "' 
proteins  oruogen 
4.8 
4.8 
4.9 
5.5 
Hematocrit 
reading 
per cent 
38.4 
146  29.5 
161  32.5 
166  34.5 
344  33.0 
Icteric 
index 
0 
0 
4.4 
4.6 
5.1 
4.7 
5.0 
146 
282 
268 
310 
319 
4 wk. Interval 
33.4  0 
29.7  0 
29.7  0 
28.9  0 
38.1  0 
5.3 
5.2 
5.2 
413 
355 
77.5 
1 Day Interval 
27.5  0 
31.5  4 
34.2  6 
Remarks 
Animal alert 
2.0  gin.  homocystine orally fol- 
lowed  in  2  hrs.  by  30  rain. 
CHCla 
Animal alert 
Animal alert; ate diet 
Animal alert; ate diet 
Animal alert 
30 min. CHC18 followed in 2 hrs. 
by 2.0 gm. homocystine 
Animal alert 
Aninml alert; ate diet 
Animal alert; ate diet 
30  min.  CHCIs  anesthesia  no 
Homocystine 
Animal  lethargic  and  anorexic. 
Died 48 hrs. after CHC1,  with 
severe  central  liver  necrosis. 
TABLE  III 
The  Effect  of Oral Homocystine to Avert  Fatal  Liver  Injury Due  to  ChloroJorm Inhalation 
in Protein-Depleted Dogs 
Dog 1-55. 
Time before 
and after 
CHCh 
tSr$. 
--24 
0 
+24 
+48 
+72 
--24 
0 
+24 
+48 
+72 
Plasma  i  "  pml~ns  F bx~oLcn 
gin. p~ cent  rag. p~ cent 
I  4.9  1  350 
5.0  348 
5.2  362 
5.8  144 
6.3  134 
4.8  343 
5.2  309 
5.2  439 
5.8  211 
5.2  185 
Hematocrit  Icterlc 
reading  index 
per cent 
33.9  0 
33.9  0 
33.6  0 
40.3  4 
42.8  0 
6 wk. interval 
28.6  0 
35.8  0 
28.2  0 
26.4  12 
28.2  8 
Remarks 
Animal alert 
2.0  gin.  homocystine orally fol- 
lowed  in  2  hours  by 30  rain. 
CHCIi 
Animal alert 
Animal alert; ate diet 
Animal alert; ate diet 
Animal alert 
30 rain. CHCIs  followed in 2 hrs. 
by 2.0 gm. homocystine 
Animal alert 
Animal alert; ate diet 
Animal alert: ate diet 
Animal in good condition. Phase III not performed. 
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previous findings that protein depletion and phlebotomy for an extended period 
to time produce no histological changes of note in the parenchymatous organs. 
Of the remaining four animals, whereas one underwent  only phases I  and LI 
of the experiment,  three went through all three phases.  The attached  tables 
summarize the experimental results obtained in our animals. 
TABLE IV 
The  Effect  of Oral  Homocystine  to  Avert  Fatal Liter  Injury  Due to  Chloroform  Inhalation 
in Protein-Depleted  Dogs 
Dog 2-41 
Time before  Hematocrit  Icteric  Remarks  and after  reading  index 
CNCh 
hrs.  per cent 
--24  40.4  0 
0  40.6  0 
+24 
+48 
+72 
--24 
0 
+24 
+48 
+72 
--24 
0 
+24 
Plasma  •  •  •  plc~dns  Fzb,~og~n 
gin. per cen~ rag. per ¢~t I 
t 
4.31156  I 
1  4.7  l  298 
5.3  178 
5.3  414 
5.3  302 
4.9  366 
4.2  324 
4.6  366 
5.0  350 
5.7 
5.2 
5.2  238 
33.4  0 
42.2  0 
41.5  0 
5 wk. interval 
29.8  0 
26.9  0 
24.9  0 
26.7  0 
1 wk. interval 
23.4  0 
--  0 
21.4  >4 
Animal alert 
2.0  gin. homocystine orally fol- 
lowed in  2  hrs.  by  30  rain. 
CHCh 
Animal alert 
Animal alert; ate diet 
Animal alert; ate diet 
Animal alert 
30 vain, CHCh followed in 2 hrs. 
by 2.0 gm. homocystine 
Animal alert 
Animal alert; ate diet 
Animal alert; ate diet 
Animal alert 
30  rain. CHCI~ anesthesia, no 
homocystine. 
Animal  lethargic  and  anorexic. 
Died 30 hrs. after CHCh with 
severe central liver necrosis. 
The administration of 2 gin. of homocystine orally 2 hours before or 2 hours 
after anesthesia  enabled  all  the  dogs  to  survive  an  otherwise  fatal  dose  of 
chloroform. The tables show that the pre- and post-experimental plasma pro- 
tein levels were correlated solely with the level of protein in the diet. No signiii- 
cant changes in the icteric indices were encountered in the protected animals 
except in one dog during phase II (Table III). Because of the time that had 
passed,  it  is unlikely that  this  represented damage persisting from phase  I. 
A fall in fibrinogen was not consistently present and it could be correlated with 
no known  factor  (Tables II and  III). Interestingly enough  the  hypofibrino- 202  HOMOCYSTINE  AND  EXPOSURE  TO  CHLOROFORM 
genemia,  when demonstrable,  was most marked when homocystine was ad- 
ministered prior to chloroform  anesthesia. The reasons for this are not under- 
stood. 
In the three animals subjected to phase III of the experiment, there was a 
constant post-anesthesia fall in fibrinogen  and rise in the icteric index.  Death 
occurred uniformly within 30 to 48 hours after anesthesia. At autopsy the severe 
central liver necrosis  involved 90 per cent or more of the parenchymal cells. 
Although the recovery period between phases I and II varied quite markedly 
(from 1 day to 2 weeks), it was not possible to correlate this variation with any 
behavioral or laboratory changes  in the animals during the pre- or post-anes- 
thesia period. 
DISCUSSION 
Many investigators have criticized  the technique  of protein depletion,  es- 
pecially when coupled with phlebotomy, on the grounds that it is not "physio- 
logic." We would be the first to agree on this point, but the fact remains that 
by means of these techniques it is possible  to produce and maintain  uniform 
protein  depletion in  which  the pre-experimental  dietary components are no 
longer  significant  because of the  time period  involved.  This procedure thus 
renders dogs very susceptible to the hepatotoxic action of chloroform.  When a 
protective agent is used with the result that slight damage or none to the liver 
occurs, one cannot question its beneficial effects. 
The lessening in total caloric intake in the depleted dogs during the experi- 
mental period is probably of little importance in the acute type of toxic necro- 
sis  although  it  would undoubtedly be a  key factor  in  any study concerned 
solely with dietary-induced liver damage. 
In  evaluating  toxic  action  and  protection  one  must  be  careful  to  define 
clearly what the criteria for protective action are. If growth and maturation 
are used, difficulty  arises  as concerns  the importance of this or that nutrient 
factor and its utilization  in the animal.  In many cases the lesions produced 
in the kidney are equally significant  with those in the liver (this is true espe- 
cially of cystine damage  and  carbon tetrachloride  intoxication).  In the case 
of carbon tetrachloride at least, it would appear that the availability of methyl 
groups (and perhaps vitamin Bls and  adenosinetriphosphate)  determines the 
renal  lesion,  irrespective of the presence of sulfhydryl groups. On the  other 
hand,  sulfhydryl compounds but not methyl  groups  counteract  the  carbon 
tetrachloride  liver  lesions.  It  was  not  possible  to  demonstrate  any  extra- 
hepatic lesions in our experimental  animals. 
The  experiments  here  reported  support  the  view  that,  as  concerns  toxic 
hepatocellular damage at least, the sulfhydryl portion of a compound plays a 
key role in the protection of the liver against the necrotizing  action of chloro- 
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protection, no evidence was obtained that dietary methyl groups were neces- 
sary for protection.  The  possibility of peripheral  reservoirs  producing  sub- 
stances necessary for the transformation  of homocystine to methionine  (per- 
haps methyl groups)  exists,  but its importance  is extremely questionable in 
the experiments here reported. 
Any explanation  offered for the action of various toxic agents must neces- 
sarily include a consideration of the agent involved, the role of anoxia,  stress, 
diet, the factors of hormonal balance, and probably many other factors. Un- 
fortunately we are not yet in a position to be able to do this with assurance, 
However, in the light of what has been recorded in the literature,  as well as 
from our own experiments, it is apparent that the most likely explanation, on 
a  gross level at least,  is the one which has been propounded by Himsworth 
(11).  In essence  their hypothesis suggests that ischemic  necrosis  of liver cells 
occurs  when  the  enzyme  systems  have  been  rendered  hypersusceptible  to 
anoxia  because  of  dietary  sulfhydryl  depletion,  a  suggestion  based  for  the 
most part upon the findings  of Miller and Whipple (13) and those of Wakim 
(14). The additional role of back pressure has been suggested  by Clarke (3). 
SUMMARY 
In dogs maintained on low protein diets and subjected to phlebotomy over 
a  long period of time, the inhalation of chloroform,  for 30 minutes, produced 
uniform fatality within 48 hours. The histological  changes of massive hepato- 
cellular  destruction were observed at autopsy. 
Homocystine, in the amount of 2.0 gin., given orally 2 hours after or 2 hours 
prior  to the administration  of chloroform,  protected dogs against  the lethal 
action of the toxin. 
Inconstant  changes in fibrinogen  and  icteric indices  were observed in  the 
protected animals,  indicating  some mild liver damage,  but this was not cor- 
related with the length of the previous depletion period, the phase of the experi- 
ment, or any other factor. 
No evidence was obtained that methyl groups are necessary for the protection 
of the liver by homocystine. 
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